Effects of nitrogen on the leaf chlorophyll (chl), yield and yield attributing characters of potato as tuber number and mean tuber weight were studied. Correlation coefficients between the investigated characters were determined. Five nitrogen rates (0, 150, 200, 250 and 300 kg/ha) and four potato cultivars (Burren, Slaney, Anna and Emma) were used in the study. First, second, third class tuber yields and total tuber yield, tuber number per plant, and leaf chl were significantly influenced by both nitrogen rate and cultivar, whereas mean tuber weight was affected only by cultivar. Maximum total yield was obtained at 200 kg N/ha. There was significant linear relationship between leaf chl and N applied (R 2 =0.91). There were significant correlations between chl and yield and yield related characters. Total yield significantly correlated with leaf chl. Correlations between first class yield and total yield as well as total yield and tuber number per plant were highly significant.
Introduction
Nitrogen is of vital importance for plant growth due to being a part of amino acid, protein and chlorophyll molecule (Gilbert 1949, Tisdale and Nelson 1956) . Potato needs large amount of nitrogen. Therefore, adequate N fertilization is critical for optimizing potato yield and quality (Westermann and Kleinkopf 1985 , Westermann et al. 1988 . Insufficient available N leads to reduced growth, reduced light interception, limited yield and early crop senescence. On the otherhand, excessive available N can result in reduced yield, delayed tuber set and reduced tuber dry matter content (Kleinkopf et al. 1981) .
Chlorophyll meter (Minolta) uses light sources and detects the light transmitted by a plant leaf at two wavelengths (at red and infrared region of the spectrum). This has been used for determination of N requirements of many crops including corn (Piekielek et al. 1995 , Blackmer and Schepers 1995 , Varvel et al. 1997 , wheat (Singh et al. 2002) , rice (Turner and Jund 1991, Singh et al. 2002) and potato (Shaaban and El-Bendary 1999, Denuit et al. 2002) . Yadava (1986) working with 22 species representing 14 plant families found significant correlations between chl meter reading and chl concentration determined by a conventional technique. Vos and Bom (1993) reported that chl meter reading was well correlated with laboratory measurements of chl content and with the nitrogen concentration in leaves of potato (r 2 >0.95). Wu et al. (2007) compared petiole nitrate concentrations, chl meter readings and satellite imagery to detect nitrogen status of potato canopies by applying six N rates from 34 to 270 kg/ha. They found that overall treatment variations in chl meter readings were consistent with those in petiole nitrate nitrogen (NO 3 -N) concentrations. Madeira et al. (2003) reported that in situ chl meter readings and extractable chl content were highly correlated with, both for chl a (r 2 =0.93) and total chl (r 2 =0.89). The aims of the present study were to determine yield, yield attributes and leaf chl content of potato as influenced by nitrogen application on crop cultivars and to find out the relationships among these characters. *E-mail: semihag@yahoo.com
Material and Methods
The study was carried out at Ladik-Samsun, Turkey in 2006. Five N rates (0, 150, 200 , 250 and 300 kg/ha) and four potato cultivars (Anna, Burren, Emma and Slaney) were used in the experiment. Anna (OP 4051/2 × Cara) produces a high yield of bright tubers suitable for prepacking. It shows very good storage ability and resistance to common scab and PCN. Burren (Marfona × Spunta) is a long-oval potato with shallow eyes, drought resistant and good storage ability. Emma (Colleen × Estima) combines earliness with good resistance to most common potato diseases. Having excellent taste, it is suitable for early baker production. Slaney (Maris Page × Cara) is a very efficient nutrient user allowing less fertiliser applications. It is good for boiling, steaming, baking and chipping.
Experimental site was above 950 m sea level. Mean, highest and lowest temperatures of the site were 9.5 -36 (August), and -17° C (January), respectively. Physical and chemical properties of experimental soil were (measured following the methods described in references given in parenthesis) texture loamy (Richards 1954) , pH 7.4 (Jackson 1962) , salinity 0.08% (Richards 1954) , organic matter 2.3% (Chapman and Pratt 1961) , CaCO 3 3.40% (determined by Scheibler calcimeter), potassium 308 kg/ha (Richards 1954) , phosphorus 236 kg/ha (Olsen 1954) .
Experimental design was completely randomized block with three replications. Each plot was 22.4 m 2 . Inter row and inter plant spacing were 0.70 and 0.40 m, respectively. Each cultivar had two rows having 10 plants in each. Data were collected from twenty plants for each cultivar. Calcium ammonium nitrate (26% N) was used as N source. In addition, all plots received 50 kg/ha phosphorus and 150 kg/ha potassium. Triple super phosphate and potassium sulphate were used as P and K sources, respectively. All N, P and K fertilizers were broadcasted and incorporated to the soil before sowing.
Potato seeds were sown on 2 May 2006. Tubers were harvested at the second week of September in 2006. Twenty plants for each cultivar were harvested. Tuber diameter was used for classification of tuber size. Tubers >5.5 cm were classified as first class, between 5.5 to 3.5 cm as second class, and <3.5 cm as third class. Tubers were counted for each plot. Tuber number per plant was calculated dividing the total number of tuber by the total number of plant in each plot. Mean tuber weight was calculated dividing the tuber yield by the number of tuber. Leaf chl was measured on 20 leaf samples by using SPAD chlorophyll meter (Minolta) at the flowering period of potato. Chl reading was taken two times in this period to see the changes in time. Analysis of variance was performed by using MSTAT program. LSD test was used for comparison of the mean values.
Results and Discussion
Tuber yield: Tuber yield of various classes such as first, second and third class, and total tuber yields of potato are presented in Table 1 . Total tuber yield, first, second and third class tuber yields of potato were significantly affected by rate of nitrogen application and cultivars. Nitrogen × cultivar interaction was significant for total, second and third class tuber yield. Total tuber yield, and first, second and third class tuber yield of potato were increased with increasing N rates. These results are consistent with previous reports (Jenkins and Nelson 1992, Maier et al. 1994) . Slaney and Anna cultivars produced the highest total tuber yield when compared to Burren and Emma cultivars. These results are also consistent with the previous findings (Kleinkopf et al. 1981 , Saluzzo et al. 1999 , Tekalign and Hammes 2005 . When compared with nitrogen rate for total yield it was found that there was a yield increase up to 200 kg N/ha. Mean tuber weight and tuber number per plant: Mean tuber weight and tuber number per plant are presented in Table 2 . Mean tuber weight was increased with increasing N rate. It was lowest in control and highest in the 300 kg/ha nitrogen application. This finding is in agreement with the result of Maier et al. (1994) . Tuber number per plant was significantly affected by N rate, cultivar and N rate × cultivar interaction. The lowest tuber number per plant was found in control. Other treatments were in the same statistical group in terms of tuber number. Slaney and Anna cultivars had the highest tuber number per plant whereas Burren and Emma had the lowest. From this finding it can be concluded that yield differences among were due to differences in tuber number per plant. Highest yield cultivars (Slaney and Anna) had the highest tuber number per plant. This result is consistent with the result of Tekalign and Hammes (2005) .
Leaf chl: Leaf chl measured at one week interval are presented in Table 3 . Leaf chl reading taken on 27th June were significantly affected by N rate and cultivars while after a 4th July it was significantly affected by N rate. Nitrogen rate × cultivar interaction was not significant for leaf chl. Leaf chl was increased with increasing N rate applied. There was a significant linear relationship (r 2 =0.90) between nitrogen rate applied and leaf chl (Figs 1, 2 ). Thse significant relationship were reported by Zebarth et al. (2002) . There was a decline in leaf chl in time. This result was consistent with leaf N decrease with time by other workers (Jarrel and Beverly 1981, Güler and Güzel 1999) . Rodrigues (2005) found a linear equation (chl reading = -0.463 DAE+64.400; r 2 =0.93) between day after emergence (DAE) and chl reading units which indicates that chl declines with plant age. Potato cultivars used in the study differed in chl reading like observed many other workers (Bavec and Bavec 2001, Güler et al. 2006) . Correlations among yield, yield attributes and leaf chl: Correlations among investigated characters relating to total yield, mean tuber weight, tuber number per plant and leaf chl are presented in Table 4 . Except for a few characters (second class yield × mean tuber weight; third class yield × mean tuber weight; mean tuber weight × tuber number per plant; mean tuber weight × leaf chl measured on 27th June) there were significant correlations among the investigated characters. Leaf chl measured on 04th July showed highly significant correlations with other characteristics measured. First class tuber yield significantly correlated with leaf chl measured on 27th June (r=0.447) and on 04th July (r=0.563). Total yield also significantly correlated with leaf chl measured (r=0.492 for June, r=0.541 for July). This result might be attributed to the nitrogen affecting plant growth and yield. Parvizi et al. (2004) working with maize found that there was a highly significant correlation between chl reading and dry matter yield. In the present study, there were highly significant correlations between first class yield and total yield (r=0.916), total yield and tuber number per plant (r=0.929). All parameters in relation to total yield, mean tuber weight, tuber number per plant and leaf chl of potato were influenced by nitrogen rate applied and cultivar used. Slaney and Anna cultivars produced 50% higher tuber compared to Burren and Emma cultivars. When compared to nitrogen rate for total yield it was found that at 200 kg N/ha maximum yield was obtained. Leaf chl was significantly correlated with the all investigated characters.
